This paper investigates the determinants of profit change over the period [1991][1992][1993][1994][1995][1996][1997][1998][1999][2000][2001][2002][2003][2004][2005][2006][2007][2008] for the Water and Sewerage Companies (WaSCs) in the English and Welsh water and sewerage industry. We firstly apply an input oriented profit decomposition approach following the approach of De Witte & Saal (2010) . Then, we make allowances for differences in the quality of output, by decomposing the output effect into high quality and low quality output effect. We decompose profit changes into various factors such as quantity and price effect, technical change, efficiency change, resource mix, product mix and scale effect, without and after controlling for quality. In both cases, the positive impact on profit changes came from substantial improvements in technical change, the cost efficient allocation of resources by substituting labour with capital and small improvements in efficiency gains. The input price and scale effect had a significant negative impact on profit changes. This technique is of great interest for regulators to evaluate the effectiveness of regulation and companies to identify the determinants of profit change and improve future performance, even if sample sizes are limited.
1.Introduction 1
A firm's financial performance is commonly measured by its profits. Changes in profits over time can be attributed to changes in both productivity and prices.
Comparing changes in productivity and prices allows determination of whether profit change is primarily explained by improvements in productivity or is simply attributable to an increase in output prices which is greater than the change in input prices. However, there are other determinants that might affect profit changes over time such as technical change and efficiency change effect, scale effect, resource and product mix effect. This technique originally developed by Grifell-Tatje & Lovell (1999) can be applied in a regulatory framework to assess the impact of price cap regulation on the financial performance of the regulated companies. This methodology would enable both regulators and regulated companies to better identify the sources of profit variation and aid them in evaluating both the effectiveness of a regulatory price cap scheme and the performance of the regulated companies. Also, profit decomposition enables the regulator to identify those sources of profits that can eventually be passed along to consumers in lower output prices, such as those attributable to productivity gains. Moreover, this methodology can also be used by the regulated companies to identify the determinants of their profit changes and improve future performance, thereby leading to future profit gains.
There were several studies in the past that decomposed profit changes into three sources: a productivity change effect, an activity effect and a price change effect. Grifell-Tatje & Lovell (1999) provided a three-stage output oriented long-run profit decomposition to indentify the sources of profit change within the Spanish banking sector. The authors used Laspeyers and Paasche indicators to decompose economic profits into a quantity and price effect and linear programming methods to measure technical change, efficiency change, resource mix, product mix and scale effect. Also, De Witte & Saal (2010) 
employed Laspeyers and Paasche indicators and
Free Disposal Hull (FDH) techniques to implement an input oriented instead threestage profit decomposition for the Dutch regulated water industry. Moreover, Lim and Lovell (2006b) provided an output oriented short-run profit decomposition by taking into account the impact of quasi-fixed inputs and applied their decomposition to US Railroads for the period 1996-2003. In another study, Grifell-Tatje and Lovell (2008) provided another type of profit decomposition to measure productivity and price changes in US post offices. The authors decomposed profits into a quantity, margin and productivity effect by using Bennet indicators and then the productivity effect was further decomposed into a cost efficiency, technical change and scale effect.
Finally, Sahoo & Tone (2009) The purpose of this paper is the evaluation of various profit drivers such as price changes, productivity changes and activity levels on the financial performance of the Water and Sewerage Companies (WaSCs) over time in the case when the number of observations is limited. Therefore, we firstly, follow the approach of De Witte & Saal (2010) and decompose profits into a quantity and price effect using Bennet indicators to weigh the changes in quantities and prices and then we employ DEA techniques to take into account the impact of efficiency change, technical change and scale effect on profit changes. Moreover, with the exception of De Witte and Saal (2010) which controls for the impact of drinking water density on input requirement through a conditional DEA approach, the studies discussed above do not generally consider exogenous factors in the profit decomposition analysis. Given this gap in the literature, and since the UK water and sewerage industry is characterized by high capital investment programs to improve drinking water quality and environmental standards, we include exogenous characteristics like output quality in a profit decomposition analysis. By making allowances for differences in the quality of output, the output effect is decomposed into high quality and low quality output effect. Finally, we provide a comparison of results from the profit decompositions without and after controlling for quality on Water and Sewerage Companies (WaSCs) in England and Wales over the period 1991-2008. This paper unfolds as follows. Section 2 discusses the concept of distance functions. It includes an analysis of the decomposition of profits into its components and the Data Envelopment Analysis (DEA) technique in order to estimate the components of the profit decomposition without and with adjustments for quality.
Section 3 presents the data that are used in our study followed by a discussion of empirical results. The last section concludes. 
The input set is assumed to be closed and convex and satisfying strong disposability of inputs. Strong disposability of inputs means excess inputs can be disposed at no cost. The lower bound of an input set is the input isoquant given by:
Shephard (1970) introduced the input distance function to provide a functional representation of production technology. The input distance function defined as a minimal proportional reduction of the input vector given an output vector at each period t is given by: 
, where
The output set is assumed to be closed and convex and satisfy strong disposability of outputs and inputs. The outer bound of an output set is its output isoquant:
Shephard's (1970) output distance function provides another functional representation of production technology. The output distance function defined as a maximal proportional expansion of the output vector given an input vector at each period t is given by:
and for
. The distance functions, being radial distance measures, provide the tools with which we will recover the unobserved quantity vectors that we need for the profit decomposition.
Profit Decomposition Without Controlling for Quality
In this section we follow De Witte and Saal's (2009) approach and provide an input oriented profit decomposition between two time periods t and t+1 using Bennet indicators, average prices and quantities as weights to estimate the contributions of the quantity and price effect to profit change. Let a company's profit in period t, t Π , be defined as a difference between its total revenues and total costs,
profit change between period t and t+1,
, is decomposed as follows:
The quantity effect captures the contribution to profit changes from a change in output production and input usage, while the price effect shows the contribution to profit changes from a change in output and input prices. The quantity effect shows that profits may increase due to a rise in output production in excess of the corresponding input rise while the price effect shows that profits may also rise due to an increase in output prices in excess of the rise in input prices. The decomposition of profits into a quantity and price effect involves only observed quantity and price data.
In the second stage the quantity effect can be decomposed into a productivity and an activity effect as follows:
This decomposition is depicted in X in period t+1. The difference in these two distances reflects productivity change of the unit as it captures how much closer or further from the 'fixed' efficient boundary of period t+1 the unit has moved over time.
When we have ( ) ( )
we have a positive contribution to profit change, whereas when we have ( ) ( )
we have a negative contribution to profit change.
The activity effect in equation (9) measures the changes in the scale and scope of the activities of a company. When ( )
is positive it reflects a rise in output over time while ( ) B C X X − when negative reflects a fall in the efficient level of input needed to secure the output. Thus both the output and the input differences in this case respectively lead to positive contributions to profit change between period t and t+1.
Finally in a third stage decomposition the productivity effect in equation (9) can be further decomposed into an efficiency change and technical change effect while the activity effect can be further decomposed into a resource mix, output mix and scale effect. Figures 1 and 2 depict the decomposition of the productivity and activity effect, which we now elaborate upon. . Such an improvement in the efficient boundary from t to t+1 has a positive effect on profit change from t to t+1, whereas with technical regress,
, and there will be a negative impact on profit change.
Moving to the efficiency change term in (10) we note that the distance from A X to t X reflects the inefficiency of the firm in period t and similarly the distance
reflects the inefficiency of the firm in period t+1. Thus, as illustrated in (10) a decline in the input price weighted cost of inefficiency in period t+1, relative to the equivalent cost in period t, has a positive impact on profit change.
In contrast, a rise in the input price weighted cost of inefficiency in period t+1 relative to that in period t would have a negative impact on profit change.
The activity effect in (9) can be further decomposed as follows:
The resource mix effect
captures the impact on profits due to the change in the mix of inputs between period t and t+1 while keeping the output at the period t+1 level and also retaining efficiency in production (see Figure 1 ). When Finally the scale effect consists of two components, the input scale effect and the output scale effect, thereby capturing the impact of scale change on the firm's profitability. From Figure 1 , we note that to produce efficiently the output of period t, t Y using the best practice technology available in period t+1, the input level needed is 
Estimation with DEA
The second and third stage of the above profit decomposition requires the computation of the unobserved quantities ( )
. These unobserved input and output quantities can be estimated by means of the input and output distance functions as follows:
The required distances and hence the quantities ( )
as defined in (12) can be readily estimated using DEA. Let J, N, M and T denote, respectively, the total number of firms, inputs, outputs and time periods in the sample.
Let φ denote a scalar, which represents the proportional contraction of the input vector, given the output vector and θ denote a scalar, which represents the 
the sample in period t.
Profit Decomposition After Controlling for Quality
Since the water and sewerage companies have carried out substantial capital investment projects to improve drinking water quality and environmental standards, it is important to control for quality in our analysis. As the substantial drinking water quality and sewerage treatment improvements over the 1991-2008 period (Maziotis, Saal and Thanassoulis, 2009 ) have been in response to increasingly stringent environmental regulation, including EU directives, it is reasonable to assume that quality improvements are exogenously determined (Saal and Parker, 2000) .
Therefore, quality could effectively be included as an exogenous factor and is intended to control for changes over the assessment period in water quality, environmental standards and characteristics that reflect differences between firms in terms of their operating environment (Stone & Webster Consultants, 2004) .
However, in more general contexts where regulation is not so tight it is possible for quality to be seen as a discretionary variable. Thus, differences in output quality between firms may result in legitimate differences in required inputs to produce a given quantity of output. Similarly, improving quality can also differentiate a firm's products, raising a consumers' willingness to pay and may also improve profitability, if the resulting increase in costs associated with such quality change does not exceed increases in revenues. This section therefore presents a profit decomposition approach which makes allowances for differences in output characteristics such as output quality between firms and across time.
As earlier the inputs are represented by a positive input quantity vector
where N denotes the total number of resources and the positive vector of input prices can be defined as
However, the positive vector of output quantities
where M denotes the total number of outputs is now separated into a non-negative vector of output for high quality
and a non-negative vector of output for low quality
where H and L denotes the total number of outputs for high and low quality respectively and we assume that
and that more inputs are required to produce a given amount of high quality output than to produce the same amount of low quality output. The positive vector of output prices
is similarly separated into a positive vector of output prices for high
and a positive vector of output prices for low quality
,..., , = to reflect differences in output prices for quality between firms.
Therefore, given the assumptions that
and the output prices h P and l P the decomposition of profits into a quantity and price effect in equation (8) will become equation (8') as follows, using Bennet indicators,
The difference between equations (8) and (8') is in the output effect of the quantity effect and the output weights. Similarly in the price effect, the output component and corresponding weights change. The input effect components remain the same between (8) and (8') as they are calculated using observed input quantities and input prices which have not changed. The quantity effect will now capture the contribution to profit changes from a change in output production of high and low quality and input usage, while the price effect will show the contribution to profit changes from a change in output prices for high and low quality and input prices.
Given that
, and the output prices h P , l P the decomposition of the quantity effect into productivity and activity effect in equation (9) will now become
The productivity effect is now calculated using observed input quantities and input prices, ( ) (14) and (15) respectively after substituting the two sets of output constraints (high and low quality) for the aggregate output set.
The output side of the activity effect in equation (9') now changes since it is calculated using the observed output quantities and prices,
The activity effect now also reflects changes in output between high and low quality and the efficient level of input needed to secure the output changes. The results for the activity effect in equation (9') will differ from those calculated in equation (9) (14) and (15). In an analogous manner, the results from the further decomposition of the productivity and activity effect into their components will also differ from those obtained in equations (10) and (11) (15) to (17). The resource mix effect now reflects changes in the efficient mix of input usage to secure output of high and low quality, whereas the product mix effect changes in the output mix for high and low quality, and the scale effect reflects changes in the mix of output for high and low quality given efficient input usage.
The above modifications in the profit decomposition with adjustments for quality can be readily implemented if data for multiple output quality levels is available. However, in the UK water industry, all customers of a given water firm effectively pay the same price for water services regardless of output quality, as regulated water prices do not differentiate between quality of output. Moreover, given this regulatory practice, it is unsurprising that while total turnover data is available separately for water and sewerage services it is not disaggregated by quality of service. As a result, we do not in practice have different prices for high and low quality water and sewerage output types, even though we can observe quantity data reflecting differences in output quality. Hence, given that regulatory practice results in no quality related price differentials for a given company, we necessarily and appropriately proceed with the assumption that consumers pay the same price for high and low quality outputs. Thus, in our application we observe that
should be noted that in the general case the production of higher quality output may require more input of each type than the production of the same quantity of output of lower quality. Further, additional input types may be needed for producing higher quality output that are not necessary for producing output of lower quality. For example, different facilities and chemicals are needed at different stages of sewerage treatment, primary, secondary or tertiary. Prices for the different types of resources used for output of different quality may also differ. These factors should be taken into account in the assessments being undertaken. Our own model implicitly allows for different levels of output quality requiring different levels of input but only for inputs that are common to high and low quality output. This is true by virtue of the fact that the DEA model sets the mix of outputs of high and low quality against the input bundle being used by each comparative unit. However, for the purpose of this study we make the assumption that no additional input types are needed for producing higher quality output and that prices of inputs are independent of the mix of output quality. This is consistent with previous studies of the UK water and sewerage industry by Saal & Parker (2000 , 2001 and Saal et. al (2007) . However, in our empirical application in the linear programming models, we imposed the weight restriction that the production of high quality output is at least as resource intensive as the same quantity of output of low quality. We therefore modify our earlier notation to reflect this empirical characteristic of the English and Welsh water industry.
Given the single output price,
, profits decompose into a quantity and price effect as follows, using Bennet indicators, ( ) (8) since the decomposition of profits into a quantity and price effect is calculated using observed quantities and prices. Thus, equation (8'') reveals that in the absence of differentiated prices for different output qualities, it is not possible to gain further information with regard to the overall quantity effect, even if we differentiate between different output qualities.
The difference between equations (8'') and (8') is in the weights used to evaluate the changes in the output side of the quantity effect since it is now calculated using the observed output prices, P , instead of h P , l P , and the output price of the price effect, which now shows the contribution to profit changes from a change in output prices and input prices. The quantity effect now captures the contribution to profit changes from a change in output production of high and low quality and input usage, using as weights the observed output prices, P to evaluate the changes in the high and low quality output effect.
Moreover, given that
, the decomposition of the quantity effect into the productivity and activity effects in equation (9') becomes:
The difference between equations (9') and (9') is in the weights used to evaluate the changes in the output side of the activity effect since it is now calculated using the observed output prices, P , instead of h P , l P . Thus, we first emphasize, that the aggregate productivity effect obtained from a model differentiating output qualities is theoretically identical, regardless of whether we control for differences in output prices. In contrast, while the input side of the activity effect is theoretically identical to that obtained in equation (9), the reliance on quality undifferentiated output prices implies an alternative empirically observable weighting of the output side of the activity effect.
Moreover, the decomposition of the productivity effect into technical change and efficiency change given the assumption of quality undifferentiated output prices for different output qualities is now calculated using observed input quantities and input prices, ( ) 
, the decomposition of the activity effect into resource mix, product mix and scale effect will become:
The scale effect captures the change in the efficient output levels for high and low output quality given efficient input usage. Also, given that l h P P P = = the product mix effect will not reflect changes in the mix of output for high and low quality but only changes in the aggregate non quality differentiated mix of outputs. The resource mix effect and the input scale effect are calculated using observed input prices and unobserved input quantities ( )
. Thus, the resource mix effect in particular is invariant to the assumption of quality undifferentiated output prices, in a model that allows for quality differentiated output quantities. The unobserved 
Data and Empirical Implementation
Here we decompose the change in profits of English return assumed to be the average annual yields of medium-term UK inflation indexed gilts. The risk premium for company equity and corporate debt was assumed to be 2% following Ofwat's approach at past price reviews. We also allowed for differences in company gearing ratios and effective corporate tax rates, which were calculated as the sum of aggregate current and deferred tax divided by the aggregate current cost profit before taxation. Finally, following the approach in Ofwat's regulatory current cost accounts, capital depreciation was the sum of current cost depreciation and infrastructure renewals charge.
Moving to our second input, labour, the average number of full-time equivalent (FTE) employees is available from the companies' statutory accounts.
Firm specific labour prices were calculated as the ratio of total labour costs to the average number of full-time equivalent employees. Finally our third input, namely "Other costs" in nominal terms was defined as the difference between operating costs and total labour costs. Given the absence of data allowing a more refined break down of other costs, we employ the UK price index for materials and fuel purchased in purification and distribution of water, as the price index for other costs, and simply deflate nominal other costs by this measure to obtain a proxy for real usage of other inputs. Finally, economic profits are calculated as the difference between turnover and calculated economic costs. Table 1 shows the aggregate statistics for our sample and all the data are expressed in real 2008 prices. To achieve this, we divided profits, turnovers, costs, output and input prices with the RPI index to express the changes in real terms setting the year 2008 as the base year.
As is well documented in past studies (see Saal & Parker 2000 , 2001 , Saal, Parker and Weyman-Jones, 2007 , Maziotis, Saal and Thanassoulis, 2009 , the English and Welsh water and sewerage companies have been obliged to carry substantial capital investment projects in order to improve water and sewerage quality and environmental standards. Thus, we feel it is important to include the impact of quality in our profitability, productivity and price performance measures. We therefore adjusted water and sewerage output for high and low water and sewerage quality respectively as follows.
Water quality is defined based on the data regarding drinking water quality and were drawn from the DWI's annual reports for the calendar years ending 1991- by reference to a source of supply in which not more than 50,000 people reside. The drinking water quality can be defined either based on the sixteen water quality parameters or nine water quality parameters identified as being important for aesthetic, health reasons and cost reasons or based on the six water quality parameters identified as being indicative of how well treatment works and distribution systems are operated and maintained. Due to changes in some of the drinking water quality standards and the new regulations, the DWI report for 2005 no longer included the two quality indices that compared companies' compliance for the sixteen or nine water quality parameters with the average for England and Wales. So we decided to 2 The DWI provides quality data based on calendar years, while all other information employed in this paper is based on fiscal years ending March 31 st . We note this inconsistency in the data, but emphasize that the reported years overlap each other for 9 months. Thus, the year end to year end estimates of quality change obtained from the DWI data provide consistent estimates of quality change by the water companies, at a fixed point 9 months into each fiscal year.
base the drinking water quality on the six water quality parameters 3 that Ofwat also employs in its assessment. The parameters reflect how well treatment works and distribution systems are operated and maintained (Ofwat, 2006 
Note that the sum of water output for high and low quality is equal to the water output,
The water output price is the same for high and low quality and it is defined as the ratio of water total turnover in nominal terms to the sum of water output for high and low quality. . Note that the sum of sewerage output for high and low quality is equal to the sewerage output,
The sewerage output price was the same for high and low quality and it was defined as the ratio of sewerage total turnover in nominal terms to the sum of sewerage output for high and low quality. Finally, Table 1 shows the aggregate statistics for our sample and all the data are expressed in real 2008
prices. To achieve this, we divided profits, turnovers, costs, output and input prices with the RPI index to express the changes in real terms setting the year 2008 as the base year.
Since our sample includes 10 WaSCs over an 18 year period, 1991-2008, we decided to modify the estimation with DEA as follows in order to deal with the small number of observations each year. Tulkens & Vanden Eeckaut (1995) proposed four different production sets using DEA in a panel data framework, the contemporaneous, sequential, intertemporal frontiers and window analysis. A contemporaneous production set assumes the construction of a reference production set at each point in time t, from the observations made at that time only. A sequential production set allows the current period technology set to be constructed from data of all the companies in all years prior to and including the current period. Thus, technologies in previous periods are "not forgotten" and remain available for adoption in the current period and therefore technical regress is not allowed. An intertemporal production set assumes the construction of a single production set from the observations made throughout the whole observation period. Window analysis is a moving average pattern of analysis, in which each unit in each period is treated as if it is a different unit. The performance of a unit is compared with its performance in other periods, in addition to comparing it with the performance of other units in the same period.
Drawing on the foregoing and the sequential technology in particular, the reference technology for our DEA models is as follows. We have a balanced panel of ten observations (firms) for each year over 1991-2008. We decided to pool the data from 1991-1994 together in order to increase the number of observations from ten to forty. The first sub-panel includes periods { } 1994 , 1993 , 1992 , 1991 and we use the observations from these years as a cross section to construct our reference technology and we refer to the corresponding frontier as our t = 1994 frontier. The second sub- (8) to (11) Looking at the first stage of profit decomposition, where profit change was decomposed into a quantity and price effect (see equation 8), we conclude that over the entire period, the negative effect on cumulative profit change was attributed to a significant negative price effect which outstripped the positive quantity effect. The cumulative impact of the price effect led to a 2,448.3 million pounds reduction in profits offsetting the cumulative impact of the quantity effect which resulted in a 1,335.7 million pounds increase in profits.
At the first stage of profit decomposition, the price effect can be further decomposed into an output price and input price effect and the quantity effect into an output and input effect.
During the years 1994-2008, output prices increased profits by 287.7 million pounds, however, greater increases in input prices contributed negatively to profit changes by 2,736 million pounds resulting in the overall negative entire price effect. Focusing on the sub-periods of our sample, we conclude that during the years 1994-2000, covering the end of the first price review after privatization and the entire 1995-2000 period covered by the 1994 price review, there was a small increase in output prices contributing positively to profit changes, 299.2 million pounds.
However, substantial increases in input prices counteracted this as they reduced profits by 397.33 million pounds. Furthermore, the dramatically tightened 1999 price review obliged the companies to reduce their output prices and continuing increases in input prices resulted in a negative overall price effect which contributed negatively to profit changes, 2,203. Looking at the second stage decomposition we see in Table 2 that the positive quantity effect over the entire period was attributed to a significant positive productivity effect and a small but positive activity effect. During the years 1994-2008, the productivity effect increased profits by 1,155.9 million pounds, whereas the activity effect increased profits by 179.8 million pounds. Almost the entire productivity effect can be explained by technical change which contributed positively to profit change 1,041.5 million pounds, while the contribution of increased efficiency only amounted to 114.4 million pounds. In aggregate, the productivity effect significantly increased profits by 589.7 and 506 million pounds respectively during the years Focusing on the components of productivity effect in Table 2 Focusing on the decomposition of the activity effect in Table 2 , it is concluded that in aggregate the positive activity effect was mainly explained by substantial positive resource mix which was unfortunately largely offset by the very substantial negative scale effect as well as the quite small negative product mix effect. Over the whole period, the resource mix effect contributed 939.2 million pounds to increased profits, whereas the scale effect and product mix effect reduced profits by 757.2 and 2.1 million pounds respectively. The resource mix effect increased significantly over the entire period and especially during the years 2000-2005 and 2005-2008 suggesting movement to a more cost efficient allocation of resources more in line with relative factor prices. Thus, over the whole period, capital input increased by 12.8%, whereas labour input decreased by 22.56% as can be seen in Table Overall, relating the results from the decomposition of profits into several factors in Table 2 with the regulatory cycle, we conclude that during the years 1994-2000 when price caps were tightened after the 1994 price review, profits increased. This increase in aggregate profitability was attributed to the positive cumulative quantity effect, and still increasing output prices which just offset substantial increases in input prices. There were also significant improvements in productivity mainly attributable to technical change, indicating that the most productive companies significantly improved their performance. Furthermore, there was evidence that changes in the mix of inputs and outputs had a positive impact on aggregate profitability until 2000. During the years 2000-2005 when profits substantially decreased, the cumulative impact of price effect as captured by a significant reduction in output prices due to the tightened 1999 price review and a high increase in input prices offset the positive quantity effect. However, there were still substantial productivity improvements attributed to both technical change and increased efficiency, indicating that both the most productive and the less productive firms had strong incentives to improve their productivity in order to regain economic profitability. Moreover, adjusting to a more cost efficient input mix also appeared to have lowered costs and increased profits. Finally, during the years 2005-2008, when profits reduced very slightly, this was explained by a positive cumulative impact of the quantity effect, and substantial gains in output prices, which were nonetheless almost completely offset by large increases in input prices. Digging deeper into the quantity effect reveals that changes in the mix of input, outputs and technical change had a positive impact on aggregate profitability. However, no improvements in efficiency change and increases in the scale of operations significantly reduced aggregate profitability.
Results After Controlling for High and Low Quality
We turn our discussion now to the results from cumulative profit change and its decomposition for the periods 1994-2000, 2000-2005 and 2005-2008 when we allow for differences in the quality of output. As explained in sections 2.2 and 2.3, the sum of water output of high and low quality was equal to the quality unadjusted water output and the sum of sewerage output of high and low quality was equal to the quality unadjusted sewerage output.
The output price was the same regardless of the level of quality, high or low. Therefore, the results from the first stage of the profit decomposition in Table 3 , the quantity and price effect will be exactly the same as those in Table 2 , when quality is not included in our analysis.
Differences between the quality unadjusted results and the results after controlling for high and low quality relate to the decomposition of the quantity effect into a productivity and activity effect, e.g. in the second and third stage of the profit decomposition. Table 3 further depicts the results from the decomposition of the output effect into high quality and low quality output effect. The results indicate that over the whole period the water and sewerage companies moved to the production of more high quality of output than low quality of output contributing positively to the overall output effect and therefore to profit changes. Over the whole period, high quality outputs increased profits by 2,067.1 million Focusing on the decomposition of the activity effect reveals that its relatively low magnitude is the result of the large but contrasting impacts of the resource mix and scale effects.
Thus, the aggregate positive activity effect was mainly explained by a high positive resource mix and small product mix effect, which outstripped a very large and substantial negative scale effect. Over the whole period, the resource mix and product mix effect substantially contributed to increased profits by 1,176.1 and 30.4 million pounds respectively, whereas scale effect reduced profits by 960.3 million pounds. The resource mix effect contributed significantly to profit change over the entire period and especially after 2000 indicating that there was a steady shift to a more capital intensive resource allocation that was more cost effective given observed input prices. However, the scale effect did not lower costs and reduced profits significantly during each of the sub-periods detailed in Table 3 . Thus, our results suggest that the substantial savings attributed to a more cost efficient allocation of resources, as measured by the resource mix effect, were lost due to the excessive scale of the WaSCs and several mergers during the period when the WaSCs absorbed water only companies (WoCs). This result is consistent with previous evidence with regard to the presence of diseconomies of scale for the WaSCs (Stone & Webster Consultants, 2004 , Saal and Parker, 2000 , Bottaso and Conti, 2009 , Saal et al, 2007 .
We moreover note that changes in the mix of outputs increased profits significantly by of quality based price data in our empirical model, it must be noted that this effect only captures the impact of the change in the relative output of water services in comparison to sewerage services. Thus, as can be seen from Table 1 , over the whole period there was an increase in output for water services of 20.37%, while the output for sewerage services increased by 11.72%.
Looking at the two types of profit decomposition, it is concluded that without and after controlling for quality there were differences in the results. In both cases, the major determinant on the negative aggregate profitability is explained by the overall negative price effect which outstripped the overall positive quantity effect. However, the difference in the results from the two types of profit decomposition is on the magnitude of the productivity and activity effect and their components on the quantity effect. After controlling for quality, the impact of the productivity effect on the aggregate profitability reduced from 1,155.9 to 1,089.5 million pounds, whereas the impact of the activity effect on profit change significantly increased, from 179.8 to 246.2 million pounds. In particular, after controlling for quality, technical change still remained the major determinant of productivity effect and consequently on the quantity effect, however, its magnitude decreased from 1,041.5 to 984.4 million pounds. Also, efficiency change decreased from 114.4 to 100 million pounds but it became now positive for the period 1994 -2005 at the components of the activity effect, it is concluded that after controlling for quality, over the entire period the resource mix and product mix effect increased by 236.9 and 28.3 million pounds respectively, whereas the magnitude of the scale effect increased even further, by 203.1 million pounds. It is worth mentioning that the bigger changes in the components of the activity effect occurred during the years 2001-2005. After controlling for quality, the resource mix, product mix and scale effect increased by 165.1, 172.3 and 288.7 million pounds respectively, increasing their impact on quantity effect and therefore, on aggregate profitability. The bigger activity effect is attributed to the following factors. Firstly, given the lack of differentiated quality output prices, the resource mix effect captures changes in the efficient mix of input usage to secure output of high and low quality. Also, the product mix effect does not reflect changes in the mix of output for high and low quality but only changes in the aggregate non quality differentiated mix of outputs, ie outputs for water and sewerage services. Finally, the scale effect captures the change in the efficient output levels for high and low output quality given efficient input usage.
Conclusions
In this study, we firstly applied an input oriented profit decomposition approach following the approach of De Witte & Saal (2009) . Then, we make allowances for differences in the quality of output, by decomposing the output effect into high and low quality output effect.
We decompose profit changes into various factors such as quantity and price effect, technical change, efficiency change, resource mix, product mix and scale effect, without and after controlling for quality. We also adapted the sequential DEA approach of Tulkens and Vanden Eeckaut (1995) so that we could compute profit decomposition even when the number of observations is extremely limited. We applied our profit decomposition approaches to the Water and Sewerage Companies (WaSCs) in England and Wales over the period 1991-2008. The profit decomposition approaches, without and after controlling for quality, demonstrated differences in the results with respect to the magnitude of the productivity and activity effect.
The results before and after controlling for differences in the quality of outputs suggested that over the whole period the main source of negative profit change was driven by the substantial negative price effect which outstripped the positive quantity effect. The overall positive quantity effect was attributed to substantial increases in outputs and a small but positive input effect. On one level, our analysis demonstrated that the positive output effect was attributed to a substantial increase in high quality outputs which outstripped the negative low quality output effect. However, our DEA based decomposition allowed a deeper analysis, which demonstrates that the major determinants on the quantity effect were technical change, although its magnitude substantially reduced during the years 2005-2008, the resource mix effect, and the negative scale effect. In contrast, efficiency change and the product mix effect were found to have a small impact on profit change. On balance we would conclude that the substantial savings won by the WaSCs through capital labour substitution and technical change were lost due to the negative effects associated with increasing scale. After controlling for quality, the magnitude of productivity effect slightly decreased whereas the magnitude of activity effect substantially increased. This is attributed to the fact that even if quality differentiated output prices do not exist, the resource mix effect captures changes in the efficient mix of input usage to secure output of high and low quality, whereas the product mix effect reflect changes in the mix of output for water and sewerage services, and the scale effect captures the change in the efficient output levels for high and low output quality given efficient input usage.
Our methodological discussion suggests that a quality based decomposition of the output vector will reveal superior unbiased estimates of the underlying technology and costs of a firm even with the assumption of undifferentiated output prices. Thus, the differentiation of output quantities by quality does allow an alternative decomposition of the aggregate quantity effect, which is arguably superior because estimated technologies and distances will better reflect how quality influences input requirements. Furthermore, even if quality differentiated output prices are not available, the decomposition of the productivity effect and its components, technical change and efficiency change, the resource mix effect and the input price effect are invariant, in a model that allows for quality differentiated output quantities. Moreover, it is clear that future applications in which quality differentiated output prices are available, would allow researchers to not only better model the impact of quality quantity changes on costs, but would also allow researchers to impact how quality related price changes impact firm revenues and hence profits.
Thus, our theoretical model demonstrates a straight forward and integrated methodology that researchers could employ to conduct a fully integrated analysis of the impact of output quality change on profitability, thereby addressing a methodological issue not previously considered in the profit change literature, and which should be generally applicable.
We also note that our study has illustrated that the application of a profit decomposition methodology facilitates a backward-looking approach that allowed conclusions to be drawn with regard to the impact of price cap regulation on the financial performance of the regulated companies when the number of observations was extremely limited. This methodology should enable regulators and regulated companies to identify the sources of profit variation and aid them to evaluate firstly the effectiveness of the price cap scheme and the performance of the regulated companies. Also, profit decomposition enables the regulator to identify those sources of profits that can be passed along to the consumers e.g. any improvements in productivity that could pass to the consumers in terms of lower output prices. Our methodology can also be used by the regulated companies to identify the determinants of their profit changes and improve future performance, thereby leading to future profit gains Thus, we also emphasize the relevance of profit decomposition methodology in regulated industries as well as more generally.
Finally, the results from the two types of profit decomposition have significant policy implications for the regulated UK water and sewerage industry and can be summarized as follows. Firstly, the substantial capital investment programs carried output by the water and sewerage companies since privatization leaded to the production of high quality output and the reduction of low quality output. Secondly, significant productivity improvements which contributed positively to profit changes were mainly attributed to technical change, whereas gains in efficiency were small. This finding is consistent with Cave's review (2009) findings which suggested that since privatization the main driver on productivity growth for the UK water and sewerage sector was attributed to technical change, however, our findings also suggest that technical was falling over time. Finally, the results from the profit decompositions showed that the resource mix effect was significantly large and positive over the whole period indicating that the water and sewerage industry moved to a cost efficient allocation of resources by substituting labour with capital and therefore contributing positively to profits. However, any substantial savings occurred by the resource mix effect were lost due to excessive mergers. The scale effect was negative over the whole period and substantially increased after 2000 indicating that the mergers occurred in 2000/01 had a negative impact on aggregate economic profitability.
Therefore, this finding suggests that mergers were not profitable for WaSCs which is in contrast to Cave's review (2009) recommendations which suggested further mergers in the UK water and sewerage industry. We strongly believe that this finding is important as it will allow further analysis on developing methodologies to explore the issue of economies of scale and scope and conclude about the most economically efficient structure and the existence of vertical integration economies in the UK water and sewerage industry.
